Illuminating the cellular and molecular mechanism of the potential toxicity of methacrylate monomers used in biomaterials.
The cytotoxicity of methacrylate-based biopolymers crosslinked by in situ photopolymerization has been attributed mainly to residual methacrylate monomers released due to incomplete polymerization. The residual monomers, primarily triethyleneglycol dimethacrylate or 2-hydroxyethyl methacrylate, may irritate adjacent tissue, or be released into the bloodstream and reach practically all tissues. Increased production of reactive oxygen species, which may be connected to concomitant glutathione depletion, has been the most noticeable effect observed in vitro following the exposure of cells to methacrylates. Radical scavengers such as glutathione or N-acetylcysteine represent the most important cellular strategy against methacrylate-induced toxicity by direct adduct formation, resulting in monomer detoxification. Reactive oxygen species may participate in methacrylate-induced genotoxic or pro-apoptotic effects and cell-cycle arrest via induction of corresponding molecular pathways in cells. A deeper understanding of the biological mechanisms and effects of methacrylates widely used in various bioapplications may enable a better estimation of potential risks and thus, selection of a more appropriate composition of polymer material to eliminate potentially harmful substances such as triethyleneglycol dimethacrylate.